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Cautioning the reader that the difference may be partly explicable as evidence
of “rich” and ‘“poor’’ years for the species, the percentages indicate that it is prac-
tically universal in the inner half of the gulf throughout the summer and early
autumn but less plentiful during winter and spring. The average number per
square meter likewise shows it to be most abundant in the inner part of the gulf
during the warm months.

"The average numbers of P. pa,rvus per square meter in.vertical hauls, countmg
only the stations where it occurred, are as follows:

Date Average : Date Average

number : number
Mareh, 1920, .o 455 || August, 1015 _ .ol iieeee 14,042

April, 1920 .. _____._. .. 600 || September, 1915._.
ay, 1915 and 1920 .- 3,656 || October, 1915, ____ . e eemes 9,045
June, 1915 . .

If the table were made to include the stations where it was absent, or at least so
rare that the vertical net failed to take it, the discrepancy between March and April
and the other months would be still greater. The hauls for February, 1920 (sta-
tions 20044 to 20048), are omitted from this table because the high average resulting
from them (about 2,000 per square meter) is due to catches of 5,000 and 3,000 per
square meter at the two stations outside the continental edge (stations 20044 and
20045), which would undoubtedly be several times too high for the inner waters of
the gulf at this season.

In the western side of the basm Paracalanus mcreased in number in 1915 from
about 1,000 per square meter on May 5 (station 10267) a,nd 1 300 on June 26 (statlon
10299) to 16,100 on August 31 (station 10307).

In the eastern side of the basin wherethere were only about 1,100 Paracalanus on
June 19 (station 10288) the vertical haul took 23,450 per square meter on August 6
(station 10304). On September 29 there were 850 per square meter at a station in
Massachusetts Bay (10320), and the iumber had risen to about 14,000 by October
27 (mean of stations 10338 and 10339). A change of the opposite order at a neigh-
boring location near Gloucester, where the number per square meter declined from
more than 25,000 on' May 4 (station 10266) to about 2,500 on August 31 (station
10306) and about 3,000 on October 1 (station 10324), shows how: the formation and
dlspersal of local shoals may more: than offset the general seasonal augmentation of
the species at any particular locality.

~Off the Isles of Shoals a slight decrease took place from 5,250 per square meter on
May 14 (station 10278) to 3,170 on October 4 (station 10325); on German Bank the
figure remained about stationary from May 7 (1,500 per square meter at station 10271)
to June 19 (1,500 at station 10290) and September 2 (1,600 at station 10311).

‘Notwithstanding these irregularities, not one of the October stations yielded less
than 2,000 P. parvus per square meter, and the maxima within the gulf were much
greater in October (30,750 off Cape Cod, station 10336, and 24,450 in Massachusetts
Bay, station 10338) than in September (6,650 per square meter, station 10319).
Thus it seems that there are actually more P. parvus in the gulf in mid-autumn than
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# month earlier in the season; probably more than in summer, though perhaps no
tnore than in May. This parallels its seasonal periodicity off northern Europe, for it
is usuelly most plentiful iv the English ‘Channel in autumn (Farran, 1910), with
its plurimum falling in late summer and early autumn in the northeastern Atlantic
up to Iceland (With, 1915).

Another fact clearly brought out is that this species, like most other copepods,
may be decidedly streaky in its distribution at times. For instance, when we made
one of our richest catches of it (24,450 per square meter at station 10338) on October
27, 1915, there were hardly one-sixth as many a few miles inshore (station 10339;
sbout 4,040 per square meter). As a less striking example, there were respectlvely
3,600 and 3,400 at two stations (10321 and 10324) at the mouth of Massachusetts
Bay on September 29, but only 850 per square meter at a third station (10320).
This makes it impossible to draw any but the most general conclusions from the
rumbers of specimens taken until a much larger body of information has been
accumulated.

I have purposely refrained from dlscussmg seasonal periodicty for P. parvus on
the offshore banks for want of sufficient data. TUntil something is known of its
status there during the summer and autumn all that can be said is that it was slightly
more plentiful on Browns Bank on June 29, 1915 (470 per square meter, station
10296) than on March 13, 1920 (60 per square meter, station 20072), but both catches
were so scanty and the difference between them so small that it is not significant,.
. On the eastern part of Georges Bank it was not taken at all at two stations on Mareh
. 11, 1920 (stations 20065-and 20066), but was comparatively plentiful on April 16 and
~ 17 (3,400 per square meter at station 10310; 1,640 at station 10311). Off the south-
- western slope of the bank, on the contrary, it was much more numerous on February
- 22 (5,000 and 3,000 per square meter, respectively, at stations 20044 and 20045) than
on May 17 (only 400 per square meter at station 20129), contradictory observations
' from which no conclusions can be drawn.

Vertical distribution.—With (1915) has described the species as usually near the
surface in the northeastern Atlantic, and the majority of records of it in other seas
have been from shoal towings. In the Gulf of Maine, however, it showed no ten-
dency to congregate in the uppermost strata during the spring of 1920, for it was
detected in a smaller percentage (10 per cent) of the surface hauls than of the vertical
hauls, and only in small numbers at these few (table, p. 303). Little can be said of
its vertical distribution in other months of the year because the copepods have not
yet been listed from any of the surface hauls for 1915 or subsequently, and a record from
a vertical haul merely locates the specimen somewhere between the top and the bottom
of the water. It is probable, however, that most of the specimens collected by the
Halcyon in 1920-1921 (table, p. 304) came from the general level at which the nets
were working horizontally—that is, from depths varying from 20 to 240 meters.

The average depth of all the vertical hauls which had more than the average
number of P. parvus is 127 meters, and the four richest catches of all—that is, those
with more than 20,000 P. parvus per square meter (stations 10332, 10333, 10336, and
10338)—were, respectively, from 50-0, 80-0, 50-0, and 80-0 meters, locating the zone
of chief abundance for the species as shoaler than 100 to 125 meters.
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Relationship to temperature and salinity.—The geographic distribution of P. parvug
in the ocean in general points to moderately high temperptures as most favorable
for it, justifying Farran’s (1910) characterization of it as a tropical and temperate
species. The many records of it in the Red Sea, around Ceylon, and in the Malay
Archipelago, often from hauls no deeper than the intake pipe of a steamer’s pump
(A. Scott, 1902), make it probable that no temperature ever prevailing in the open
sea is fatally high or even unfavorably so for it. Toward the other extreme, the
presence of P. parvus at so many localities in the Gulf of Maine in February and
March (table, p. 299) proves it able to survive cooling down to 3 to 5°. In fact, the
actual localities and depths of capture locate it in water fractionally cooler than 2°
at three different stations;® but most of these February-March records are from
localities where the temperature was above 3° at some level between the surface and
the bottom (stations 20044, 20045, 20046, 20048, 20054, and 20081). Specimens
drifting into colder regions or levels of the gulf in early spring may perish, as any
animal finding its optimum environment in high temperature probably would.

Thus, the zone close to the coast may well be a death trap for this copepod during
the coldest season, but the stock living in the basin can avoid winter chilling by
sinking to the deeper levels, where it would not experience a temperature lower than
4 to 5° in most years. Therefore, it would not be surprising if more extensive study
proves its zone of maximum abundance in the gulf to lie at a greater depth during
the coldest season than during summer and autumn. Tending to corroborate this
prediction is the fact that the richest catches for March and April (stations 20054
and 20115) were in vertical hauls from 250 and 295 meters, respectively, where the
temperature below 150 meters was 5° or higher; and that the vertical nets fished
through zones of water warmer than 10° (below 100 meters) at the localities of the
“rich” catches off the southwest slope of Georges Bank for February (stations 20044
and 20045).

Previous records locate P. parvus in sahnltles higher than 40 per mille in the
Arabian Gulf and as low as 19.33 per mille in the Kattegat. In addition it appears
indifferently oceanic or neritic, occurring from the open sea, on the one hand, to
tide pools, on the other (fide Dr. C. B. Wilson). Therefore, it is not likely that the
variations in salinity which obtain in the Gulf of Maine are an important factor in
influencing its distribution there. Perhaps no member of the crustacean plankton
of the open sea can accommodate itself to greater fluctuations in the salinity of the
water than this little copepod.

- Endemicity and immigration.—The spawning of P. par'vus has not actually been
recorded in the Gulf of Maine, but the fact that the species occurs there throughout
the year and is about equally widespread from month to month, though with a
definite periodic cycle in its abundance and in the regularity of its distribution, is
strong evidence that P. parvus does reproduce successfully in the gulf, and that
enough of the stock survives the winter to multiply to the frequencies recorded for
summer and autumn. The monthly averages for the percentages of stations at
which the species has been taken and for the numbers of specimens per square
meter both point to May as the commencement of the breeding season in the gulf;

4 Station 20056, whole column cooler than 1.19°; station 20058, whole column 1.39 to 1143"; stafion 20081, surface 1.95°.
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but it is not clear how continuously reproduction proceeds throughout the summer
and autumn or whether the definite wave of propagation from September to October,
which the catches for those months suggest, actually takes place.

Economic importance.—Numerically, P. parvus usually forms only & small frac-
tion of the catches of copepods in the Gulf of Maine, the maximum percentage
recorded for any station east and north of Nantucket being only 30 per cent in
one instance (station 10303). The averages for the area thus limited have been
about 11 per cent for March, 3 to 5 per cent for April to June, 15 per cent for August,
and 6 to 8 per cent for September and October. Therefore, owing to its small size,
it can never be of much importance as fish food within the gulf; but the shoals
which we have encountered in the shallows off Marthas Vineyard (station 10332)
may serve as a large item in the diet of the smaller and young fishes there. This may
also apply at times outside the continental edge off Georges Bank, where P. parvus
constituted 30 to 50 per cent of the copepods at two stations on February 22, 1920
(stations 20044 and 20045).

Parathalestris jacksoni (Scott)

The localities where this species has been taken (assembled by Sars, 1903-1911)
are mostly Arctic and exclusively coastwise, including the polar islands north of
Grinnell Land, Franz Josef Land, and the north coasts of Norway and Finland. He
found it occasionally on the west and south coasts of Norway, the latter being the
most southerly station for it previously reported. .

Doctor McMurrich lists Parathalestris jacksont occasionally between December 28
and January 20 at St. Andrews, New Brunswick; more frequently (about 44 per
cent of the hauls) from January 20 until mid-May, but not at all during the summer
or autumn, The greatest frequency—late winter and sprmg——-falls during  the
coldest season, which corresponds to its Arctic nature.

Probably P. jacksoni will be found all around the coast line of the Gulf of Maine
in similar situations and in the littoral zone generally to Cape Cod, but not farther
south except as a stray.

It was never sufficiently numerous at St. Andrews to suggest that it has any great
importance in the economy of the estuarine waters of the gulf, much less in the
offshore parts of the latter, where it has not yet been found. '

Phyllopus bidentatus Brady

This species, first described (Brady, 1883) from a single specimen from the south
Atlantic off the mouth of the Rio de la Plata in & haul from 2,650 fathoms, has since
been recorded by Giesbrecht (1892) from the eastern equatorial Pacific, from the
Gulf of Guinea at a depth of 5 fathoms at night and 360 by day by T. Scott (1894);
at San Diego, Calif., by Esterly (1905) ; in the Malay Archipelago by A. Scott (1909) ;
and off the west coast of Ireland by Thompson (1903), Wolfenden (1904), and Farran
(1905); but in subsequent publications (Farran, 1908; Wolfenden, 1911) the last
two authors have referred their Irish specimens to two new species since described
by Farran (1908) from that same region under the names belgz and impar.

75898—26——18
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So far as I can learn, the genus Phyllopus has not previously been reported
anywhere along the eastern seaboard of North America, hence two female specimens
recognized by Dr. C. B. Wilson in a vertical haul from 80 meters off Penobscot
Bay, April 10, 1920 (station 20097), are of interest.

Genus Pleuroma,mma,

Four species of this genus have been taken occasionally in the Gulf of Maine—
P. abdominalis (Lubbock), P. gracilis (Claus), P. robusta (Dahl), and P. ziphias
(Giesbrecht). These are all true oceanic forms, Widespread on the high seas in
tropical and temperate oceans, and as they are only strays in the Gulf of Mame a
brief outline of their geographic distribution will suffice.

P. abdominalis has been taken at many localities in the eastern side of the
Atlantic from the Cape of Good Hope (Wolfenden, 1911) to the west of Ireland
(Farran, 1908), in the North Atlantic between England and longitude 46°, and in
the Gulf of St. Lawrence (Herdman, Thompson, and Scott, 1898). There are many
records for it in the Mediterranean; it has been taken repeatedly in the Red Sea and
right across the northern part of the Indian Ocean (Thompson and Scott, 1903;
Wolfenden, 1905); commonly in the Malay Archipelago (Cleve., 1901; A. Scott,
1909); and at stations widely distributed over the Pacific, both south and north of
the Equator, including San Diego, Calif., where Esterly (1905) describes it as common.

P. gracilis has been found over much the same geographic range in the eastern
Atlantic (Ireland to the Cape of Good Hope), in the Mediterranean, Red Sea,
Indian Ocean, and Pacific, but has not been recorded so often.

P. ziphias is so far known from the Atlantic between the latitudes of Ireland
and the Cape of Good Hope, the Indian Ocean, Malay Archipelago, and Pacific,
where it has been reported at San Diego (Esterly, 1905) and in the tropical belt
between 3° S. and 20° N., 99° W. and 160° E. (Giesbrecht, 1892).

Up to the present time P. robusta is known only from the Atlantic between the
tropical belt on the south (Dahl, 1893) and the latitudes of the Faroe Channel and
the coast of Norway on the north (Sars, 1903), from the Mediterranean, and from
the Red Sea. It is, it seems, the most northerly of the four species of the genus here
mentioned and the only one which has occurred often enough at the stations of the
International Committee for the Exploration of the Sea in the northeastern Atlantic
province to be treated by T. Scott (1911) in his résumé.*

Previous records for the four species of Pleuromamma off the Atlantlc seaboard
of North America, outside the Gulf of Maine, are as follows:

P. abdominalis, near Sambro Bank and outside the continental edge off Nova
Scotia, June and July, 1915 (Willey, 1919 three statlons) also Gulf of St. Lawrence,
as just mentioned.

P. gracilis, two stations on a line across the continental shelf off Marthas Vine-
yard, August, 1914, and one off the continental edge southeast of Georges Bank,
July 22 of that same year (stations 10220, 10258, 10260, and 10261; also one record
east of the Grand Banks (Murray and Hjort, 1912, p. 654).

4 The more important locality records for the genus have been colleéted by Giesbrecht (1892), Thompson and Scott (1903), A.
Scott (1809), Wolfenden (1911), Farran (1908), T. Scott (1911}, Sars (1803), and van Breemen (1908).
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P. robusta, two stations outside the continental edge between the latitudes of
Delaware Bay and New York, July, 1913 (stations 10064 and 10071); one station
outside the edge off Shelburne, Nova Scotia, July 28, 1914 (station 10233); one

- Canadian fisheries expedition station outside the continental edge and three over
the outer part of the shelf off Nova Scotia, July, 1915 (Willey, 1919) ; and one Michael
8ars station east of the Grand Banks (Murray and Hjort, 1912, p. 654).

P. ziphias, one station outside the continental edge off Delaware Bay, July 20,
1913 (station 10071). The Canadian fisheries expedition of 1915 had it at one
June station in deep water off the mouth of the Laurentian channel, one July station
near Sambro Bank and one outside the continental edge off Cape Sable (Willey, 1919);
it was also listed by Sars from the same Michael Sars station east of the Grand
Banks which yielded gracilis and robusta (Murray and Hjort, 1912, p. 654). '

It is probable that when the ranges of these four Pleuromammas are better
understood it will be found that all of them are universal away from land over the
temperate and tropic latitudes of all oceans. Off the eastern coast of America, the
continental edge and the outer part of the continental shelf would seem their normal
inshore boundary, along which all of them may be expected in the warm, highly
saline waters of the inner edge of the so-called “Gulf Stream” as far north as the
Grand Banks; but the presence of abdominalis in the Gulf of St. Lawrence and the
Gulf of Maine records to be mentioned next show that on occasion they may drift
into distinctly neritic situations.

One other species of the genus, P. boreale, is to be expected in the Gulf of Maine,
‘having been found by the Canadian Fisheries Expedition of 1915 at five stations off
Nova Scotia (Willey, 1919) side by side with the others; but as yet it has not been
detected in the Gulf of Maine towings.

The several Pleuromammas, like other planktonic animals which are purely
immigrants, and uncommon ones, in the Gulf, have most often been found in the
eastern side—that is, nearest their path of entrance (fig. 82)—and in the southwest
part, which they may fairly be assumed to have reached via the anticlockwise eddy
which dominates the circulation of the gulf.

If the data so far obtained are fairly representative, abdominalis (only one
record) is the least common of the four species in the Gulf of Maine, whereas it is
the only Pleuromamma yet reported from the Gulf of St. Lawrence and the most
common at San Diego (Esterly, 1905). Pleuromamma has been represented by
scattering specimens in the Gulf of Maine tows, its numbers per square meter working
out as follows for the spring stations of 1920:

Number Number
Bpecies and station per square Species and station per square
) meter meter
P. gracilis: P. xiphias:

0056 - -« e e eeeae 10 20048 10
20003, . e 25

B 1) B L S 200 )]

P, robusta: 178
Q008Y. . o oo eaccee 50
b 12
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.. 'The summer records inside the gulf‘ and over the shelf off Marthas Vineyard
have likewise been for odd specimens, but on August 26, 1914 (station: 10261), P.
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gracihs was the dominant copepod outside the continental edge off Marthas Vine‘yax-'d,
as P. robusta was at the same relative position off New York on July 11, 1913 (station
10064: Bigelow, 1915, p. 287).
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It is interesting that 80 per cent of the 10 records of occurrence within the off-
shore banks of a genus whose source is. undoubtedly the oceanic basin outside the
ocontinental edge should be for March and April, when the temperature is lowest, and
only two for the summer-autumn season (P. robusta, station 10100, August 13, 1913;
P. abdominalis, station 10246, August 12, 1914), whereas our summer stations alone
have yielded this genus outside the banks.#” However, with the possibility that a
rare species may be overlooked among the masses of Calanus and other of the more
plentiful copepods taken in the horizontal hauls, the few records do not show at
what season the genus as a whole (or any one of its several species) is most likely
to enter the Gulf of Maine.

It is not likely that Pleuromamma succeeds in breeding in the gulf; but the
geographic distribution of the records indicates that individual specimens may be
long-lived there. No relation is apparent between the occurrences of Pleuromamma
in the gulf and high temperature, for its presence has been established there in
readings as low as 0.49 to 1.95° (station 20056), and the two midsummer records
may have been from water as cold as 4.22° and 7.58°, though, equally, the few speci-
mens involved may have been picked up by the open net near the surface in a much
higher temperature.

Pleuromamma has not been taken on the surface in the Gulf of Maine, but
none of the hauls producing it have been from deeper than 175 meters and all but
three of them were as shoal as 100 meters, or shoaler, pointing to the strata above
the latter level as the region which it usually inhabits in the gulf. At San Diego
Esterly (1912) found both P. abdominalis and P. gracilis coming nearly or quite
to the surface during the night and sinking to considerable depths by day, chiefly
to deeper than 150 meters. Similar diurnal migrations, though not so deep, are
to be expected of the few specimens unfortunate enough to stray into the Gulf
of Maine. :
Pseudocalanus elongatus Beck*

This is a northern species and one of the most widespread and abundant cope-
pods in the North Atlantic region and in the Arctic, where it is circumpolar. The
records of its distribution have recently been summarized by Farran (1910) and by
With (1915). On the European side its southern boundary seems to be the Black
Sea (Sars, 1903, p. 154), the Mediterranean, and the Gulf of Suez (Thompson and
Scott, 1903), which it would seem to have reached via the Suez Canal, not being
known from farther down the Red Sea or from the Indian Ocean. It is widespread,
probably universal, northward from Gibraltar to the North Sea, along the entire
length of the coast of Norway, and far up into the Baltic. It is recorded near the
New Siberian Islands, repeatedly and at many localities in the White Sea, about
Spitzbergen, off Jan Mayen, in the Norwegian and Greenland seas, about the Faroes,
_Iceland, northward to Disko along West Greenland, from East Greenland, and

right across the North Atlantic from England to the Gulf of St. Lawrence.

4 None at stations 20044, 20045, 20058, 20089, 20077, 20109, February-April, 1920,

# According to With (1915) the P. minutus of Krgyer was based on immatures of this species, which should therefore bear the
name minutus; but until the change is generally accepted by students of the group (Willey’s (1920, 1921) recent cormmunications
still use elongatus) it is as well to follow the more general usage in a paper not-concerned with systematics. .



